Background: Active commuting has decreased substantially in recent decades and has been more frequent in specific demographic and socioeconomic profiles. The objective of this study was to describe the prevalence of active trips and the possible associations with demographic and socioeconomic variables. Methods: A questionnaire on lifestyle and risk behavior was administered to a sample population of 5028 adolescents, ages 15 to 19 years, attending public high schools in the state of Santa Catarina, Brazil. Logistic regressions (odds ratio-OR; 95% confidence interval) were used to test associations. Results: Active commuting to school was reported for 56.7% of students, and active commuting to work was reported for 70.0%. The likelihood of commuting passively was greater among girls (school: OR = 1.27; 1.10-1.45), older adolescents (school: OR = 1.17; 1.02-1.33; work: OR = 1.49; 1.22-1.82), those who lived in rural areas (school: OR = 12.1; 9.91-14.8), those who spent more time in commuting (school: OR = 2.33; 2.01-2.69; work: OR = 4.35; 3.52-5.38), and those from high-income families (school: OR = 1.40; 1.21-1.62; work: OR = 1.69; 1.37-2.08).
Several countries encourage active commuting to school and to work as a strategy to increase physical activity (PA), decrease environmental damage, and reduce sedentary time. 1, 2 Moreover, there is strong evidence that active commuting has a protective effect on cardiovascular outcomes 3 and a positive association with overall PA levels in children and adolescents. 4 However, evidence suggests that active commuting has decreased substantially in the last decades 5 and has been more frequent in some demographic and socioeconomic profiles than in others. 6 The percentage of US students who walked or biked to or from school declined from 42.0% in 1969 to 16 7 The majority of studies on active commuting have investigated active trips to school; [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] few studies have examined active commuting to work in young people [18] [19] [20] [21] or the demographic and socioeconomic profile of people that use different modes of commuting, including walking and biking, buses, or cars and motorcycles. 5, 7 Such information is extremely important to increase the efficacy of intervention strategies that promote active lifestyles, including walking or cycling, for transportation, where promoting active lifestyles can reduce sedentary time and/or achieve the recommended time of daily physical activity for health. Furthermore, it is important to investigate whether there are differences between young people who commute to school and work by car/ motorcycle, bus, or walking/cycling.
The purpose of this study was to investigate the modes of commuting to school and to work and also explore the demographic and economic profile of these youth. Thus, the goals of this study were to 1) describe the prevalence of active commuting to school and work; 2) examine active commuting and its possible associations with demographic and socioeconomic variables; and 3) explore the factors associated with the choice of bus, car/motorcycle, and walk/bike to go to school or to work among high school students.
Methods
This study is a secondary analysis of an epidemiologic cross-sectional survey entitled "Lifestyle and Risk Behavior in Adolescents," which was conducted in 2001 in Santa Catarina, Brazil. The study population included public high school students that were 15 to 19 years old.
Written informed consent was signed by their parents or legal guardians. This project was financed by CNPq (Process n° 462799/00 to 0) and received approval from the Ethics Research Committee of the Federal University of Santa Catarina (Protocol 064/2000).
Within the state of Santa Catarina, there are 26 regional units of education, which included 205,543 students in high schools in 2000 22 distributed in 6094 classes of 598 state schools registered in the Department of Education of the State of Santa Catarina. We randomly and proportionally selected 172 schools, taking into consideration the geographic regions (Coast, North, South, West, Plateaus and Valley), the regional units of education (n = 26) and the school size (big schools with 500 students or more; medium schools with 200 to 499 students; and small schools with fewer than 200 students). We chose to collect information considering the classes altogether (conglomerates). Thus, we randomly and proportionally selected 240 classrooms.
The sample size was estimated using the 95% confidence interval (95% CI), population size (n = 205,543), estimated prevalence of 50%, tolerance of standard error (e = 2%), and error a = 5%. This resulted in a sample size of 2,400 students. As the sample was composed of conglomerates (entire classes), the design effect (deff) was set at 2.0. The minimum sample size was estimated to be 4800 students, and 25% of this number was added to account for possible cases of losses or refusals during data collection; therefore, the final sample totaled 6000 students. The study included all students apparently healthy who were present on the day of data collection with the permission of their parents. Of the subjects initially included (n = 6000), 9.0% were considered losses or refusals, resulting in a sample of 5463 high school students.
A questionnaire was developed using international instruments that assess lifestyle and risk behavior in adolescents. In the validation process, we considered the following aspects: face and content validity (by analysis of 3 specialists, professors of the Federal University of Santa Catarina), reproducibility (test-retest groups that were managed by the same person with an interval of a week), and objectivity (test-retest with different applicators). Sixty high school students aged 15 to 19 years participated in this validation process. We used the following statistical analysis: one-way ANOVA, calculation of the intraclass correlation coefficient (r), and Kappa. We did not notice any issues in understanding questions, and we observed r values that ranged from 0.64 to 0.99 for the independent items. Thus, we consider the instrument as valid and reliable for use with high school students of ages 15 to 19 years. 23 For the purposes of this study, we collected data on the modes of commuting that students used to go to school and work. With respect to commuting to school, the adolescents responded to 2 questions: 1) "How do you usually travel to school?" (the possible answers were "by foot," "by bicycle," "by car or motorcycle," "by bus," or "other ways"); and 2) "How long does it usually take you to travel to school from your home?" (responses were in the form of hours and minutes). With respect to commuting to work, the adolescents responded to 3 questions: 1) "Do you or did you do any kind of work (excluding homework)?" (response options were "yes nowadays," "yes in the past," or "no"), 2) "How do you usually travel to work?", and 3) "How long does it usually take you to travel to work from your home?" (response options were similar to those used in the question on school commuting).
Data were collected in schools in each regional unit of education in 3 teaching shifts (morning, afternoon and night). The questionnaire was administered in the classroom to groups of 20 to 30 students by a team of academics and professionals trained under the supervision of the researchers responsible for the project. The students were informed about the objectives of the research, told their anonymity would be maintained. The questionnaire was completed in a time of 30 to 40 minutes and deposited in a box without identification
Statistical procedures were used to analyze the frequencies of the means of travel used to go to school and to work. Then, the variables were grouped to conduct 2 logistic regression analyses. In the first analysis, binary logistic regression was used to obtain the odds ratio (OR) and 95% CI using 2 sets of models: one set of models in which the dependent variable was the method of commuting to school and a second set of models in which the dependent variable was the method of commuting to work. In both situations, the reference variable was active commuting (walk/bike) versus passive commuting (car, motorcycle, and bus). Independent variables (exposure) were gender (boys and girls), age (15-16 and 17-19 years old), place of residence (urban and rural areas), time spent commuting to school or work (<15 minutes and ≥15 minutes), and family income (≤ R$ 1000 and > R$ 1000). In this case, unadjusted models were created in which the effects of each independent variable on passive commuting to school or to work were examined separately. Then, an adjusted model was created for each dependent variable in which all independent variables were simultaneously included.
In the second analysis, we used multinomial logistic regression to analyze 2 dependent variables using 2 models: in the first model, the dependent variable was the method of commuting to school and in the second, the dependent variable was the method of commuting to work. The dependent variables were divided into 3 categories (walk/bike, bus and car/motorcycle) that were analyzed as 2 outcomes (first use by bus, second use by car/motorcycle) for a single reference (walk/bike). Independent variables (exposure) were gender, age, place of residence, time spent commuting to school or work, and family income. In these analyses, we used the adjusted model to incorporate all independent variables simultaneously. A significance level of P < .05 was used for these analyses. All analyses were conducted using Statistical Package for the Social Sciences® (SPSS), version 15.0 for Microsoft® Windows™ (SPSS Incorporation, USA).
We were able to detect statistical significance in OR values greater than or equal to 1.19 for commuting to school and greater than or equal to 1.27 for commuting to work if the prevalence of passive commuting in the group without exposure was 50.0% using a confidence interval of 95% and power test of 80%.
Results
Of the 5463 students that responded to the questionnaire, we excluded those who were outside the ages 15 to 19 years (n = 380) and those who did not completely fill out the questionnaire (n = 55), such that the final sample was 5028. For the question of commuting to school, 4869 adolescents responded to the questionnaire but were excluded because they marked the category "other mode of commuting" (response: horse, cart, and tractor; n = 4; 0.1%), leaving 4865 adolescents. The nonresponse rate in this sample for each question did not exceed 5.0% (Table 1) .
Of the 4975 adolescents that responded to the question on working, only 2734 (55.0%) reported to be currently working. Of these, 2435 adolescents reported their mode of commuting. After excluding the subjects of category "other mode of commuting" (response: horse, cart, truck, and tractor: n = 65; 2.7%), there were 2370 adolescents in the sample. The nonresponse rate in this sample for each question did not exceed 16.0% (Table 1 ).
The prevalence of active commuting to school was 56.7% (95% CI 55.3, 58.1) and for students currently working was 70.0% (95% CI 68.2, 71.8). In both situations, walking was the most common means of active commuting (School: 51.8%; Work: 49.9%), and the use of buses was the most common means of passive commuting (School: 37.4%; Work: 20.7%). Bikes (School: 4.9%; Work: 20.1%), cars/motorcycles (School: 5.9%; Work: 9.3%) were more frequently used to go to work than to go to school.
In the binary logistic regression for school commuting, the likelihood of passive commuting after adjusting for independent variables was higher among girls (OR 1.27), older adolescents (OR 1.17), those living in rural areas (OR 12.10), those who lived farther from the school (OR 2.33) and those from families with higher incomes (OR 1.40) ( Table 2) . From commuting to work, the likelihood of passive commuting was greater in older students (OR 1.49), those who lived farther from work (OR 4.35) and those from families with higher incomes (OR 1.69) ( Table 3 ).
In the multinomial logistic regression, we observed that commuting to school by bus was significantly associated with all variables; it was more likely for girls, older adolescents, those living in rural areas, that lived far from school and those that had higher family incomes compared with commuting by walk/bike. Commuting by car/ motorcycle was positively associated with higher family income and living in rural areas, while it was negatively associated with commuting time. For commuting to work, bus use was also associated with all the indicators studied. The characteristics were similar to those of commuting to school, except the place of residence was more frequently in urban areas. The likelihood of commuting by car/motorcycle was higher in boys and adolescents with higher family incomes compared with those who commuted by walking/bike (Table 4) .
Discussion
Almost 4 out of every 10 youths surveyed traveled passively to school, and approximately 3 of 10 commuted passively to work. Walking was the most frequently used mode of travel to go to school and to work (50.0%), while the use of buses was the second most used mode of commuting, with higher proportion using buses to commute to school than to work. Approximately one-fifth of youths commuted by bicycle to go to work but less than 5.0% to go to school. In total, less than 8.0% of teens used a car/motorcycle to travel to these places. The National Personal Transportation Survey (NPTS) data showed that in 1969, 40.7% of students 5 Another study using the same travel survey data from 1969 and 2001 examined changes in the percentage of commuting and commuting distances. The results indicated that in 1969, 34.7% of students lived < 1.0 mile from school and only 19.4% in 2001, while the proportion of students who lived or traveled ≥ 3.0 miles from school increased from 32.6% in 1969% to 52.0% in 2001. The percentage of students who walked or biked to school was lower in 2001 than in 1969 for all school distance categories, and in particular, was 31.7% lower in the 1.0 to 1.9 mile distance category. In contrast, the percentage who rode a school bus increased among those who lived < 1.0 mile from school (4.6% to 9.7%). Commuting by automobile increased for all distance categories, and in a Adjusted Multinomial Logistic Regression to Commuting to School with all the independent variables adjusted in the same time.
b Adjusted Multinomial Logistic Regression to Commuting to Work with all the independent variables adjusted simultaneously.
c Reference (walk/bike) versus (bus trip).
d Reference (walk/bike) versus (car trip).
particular, there was a 35.5% increase for the 1.0 to 1.9 mile category between 1969 and 2001. 7 The prevalence of active commuting to school was between 45.0% and 58.0% in Auckland, New Zealand, 12, 13 and 42.5% in Ontario, Canada. 14 The Cebu Longitudinal Health and Nutrition Survey conducted in 1998/99 reported that 40.0% of Filipino adolescents walked to school, less than 1% rode a bicycle, 22% rode in/on a motorized vehicle, and 37% used some combination of walking and motorized transport. 17 Data from the US Youth Risk Behavior Survey (YRBS) in 2001 verified that among high school students, only 4.9% usually walked to school and 2.8% bicycled to school at least 1 day per week. A study on schools in a northern Utah community observed that less than 5% of students actively commuted, 45.6% commuted by school bus and 47.2% traveled by car to school. 10 A review study on active commuting that included studies from some Brazilian cities between the period 1990 to 2008 showed few studies on this theme (n = 8), and of these, only 2 were conducted on adolescents. 24 A study conducted in Pelotas, Brazil, with adolescents (10-19 years) reported that 69.0% used active commuting to go to school, and 58.0% traveled actively to work. 21 Another survey from the same city with people 15 years or older showed that 21.7% of workers commuted by walking and 17.2% commuted by bike. The proportion of active commuters was greater among males and in lower income families. 18 Cross-sectional data from the Canadian Community Health Survey reported that the prevalence of cycling/ walking was 33.0% in males and 28.7% in females, and those who were physically active in leisure and daily activity were more likely to commute actively. 19 The 1998 National Survey on Active Transportation revealed that 85.0% of Canadians reported walking for leisure and recreational reasons. Among those living within 2.5 km of their place of work, 72.0% of Canadians reported walking, and for distances within of 8.0 km, 28.0% reported cycling. 20 An Australian study indicated that walking was a means of transportation for 20.0% of respondents, and 9.0% walked for exercise. 25 In this study, there was a 13.3% difference between the prevalence of active commuting to work and to school. In the binary analysis, older youth who lived farther away and who belonged to families with higher income were more likely to passively commute to school and to work, and this was independent of destination. In addition, adolescents in rural areas and females passively commuted to school. The consensus in the literature is that boys are more likely to actively commute than girls, and age has been inversely associated with the use of walking and cycling to school. 10, 11, [13] [14] [15] [16] [17] A strong relationship between active commuting for short distances and lower-income families has also been observed. 5, 15, 16 A study with Filipino adolescents reported that the median and interquartile range (IQR) of the time spent in active commuting was 20 minutes per day (IQR 10-30 min·d -1 ) for boys who walked to school, and 30 minutes per day (IQR 20-40 min·d -1 ) for girls. 17 In this study, the proportion of students living in urban areas who actively commuted to school was higher than rural area students. This difference was also observed in studies conducted in Canada 14, 16 and the USA. 5, 15 In Brazil, many teens in urban areas are more likely to attend schools near their residence, while those living in rural areas generally must attend schools located in urban areas and, thus, need to travel greater distances. This is probably one of the reasons that bus and car/motorcycle use were most frequent for students in rural areas. Moreover, young people from urban areas were more likely to use a bus to travel to work.
When the means of commuting were studied separately, we observed that in both contexts (school and work), bus use was more likely among girls, older adolescents, those who lived far from their destination and those from higher income families. However, those living in rural areas commuted by bus to school more frequently than to work, while those living in urban areas commuted by bus more frequently to go to work. The likelihood of commuting by car/motorcycle to school was higher among adolescents living in rural areas, those with higher family incomes and those who lived less than 15 minutes away. Commuting by car/motorcycle to work was more likely for those with higher family incomes and less likely among girls.
Strengths and Limitations
We also highlight some of the benefits and strengths of this research: 1) this is an original analysis on the modes of active and passive commuting active commuting in a Brazilian state, which may provide a reference for future comparisons in this study area; 2) studies on the mode of commuting among the adolescent population of Brazil are necessary because there is lack information; 3) we also examined the modes of commuting to work, while most studies have only investigated commuting to school; and 4) we provided a detailed account of 3 kinds of travel (walk/bike, bus, car/motorcycle) to examine differences and similarities among the people that use these modes of commuting.
The limitations of this study included the crosssectional nature of the study in which data were collected during one brief period; consequently, there are limitations to interpreting the association measures, and it is impossible to determine causality among the variables. Another limitation of this study is that the data were collected almost a decade ago, and changes in the urban infrastructure, the environment, socioeconomic factors, and other factors in Brazil between the time of survey and the present day may have had a major impact on whether people commute actively; also, data were not collected on the frequency of commuting. Regarding this last point, most studies have primarily focused on describing the modes of commuting and the time spent because the mode by which an individual commutes tends to repeat itself daily. We used subjective measurements to evaluate the modes of commuting and arbitrary cut-off points to categorize the time spent, but several studies have used similar measurements.
Conclusion
In summary, we identified that active commuting in our sample was more frequently used in traveling to work than to school. Some of the findings in this study are consistent with the literature; specifically, passive commuting to school was more common among older teenagers, those who lived farther away, those with higher incomes, and in girls. We also concluded that car/motorcycle use increased in those that commuted short distances to go to school, and that car/motorcycle use increased among boys to commute to work. Moreover, students from rural areas more frequently used passive commuting to travel to school, while students in urban areas more frequently used passive commuting to travel to work.
The findings of this report suggest that the practice of this behavior is still very much associated with socioeconomic status, indicating the need to invest in education and information access about the importance of a conscious change in habits. Efforts to educate those who use active commuting out of necessity can begin to use it consciously and enjoyably, and further, to increase active commuting among people from a higher socioeconomic status for small and medium distances. Future studies should investigate different intervention models to induce behavior change in the commuting population.
